In this work, we consider the problem of magneto-thermoelastic interactions in a functionally graded material (FGM) under dual-phase-lag model in the presence of thermal shock. The generalized thermoelasticity theory with one relaxation time has been employed. The material is assumed to be elastic and functionally graded (FGM) (i.e. material with spatially varying properties). The basic equations have been written in the form of a vectormatrix differential equation in the Laplace transform domain, which is then solved by an eigenvalue approach. Numerical inversion of the transforms is carried out using the Stehfest method. Further, graphs have been drawn to show the effect of the nonhomogeneity parameter, magnetic field, and dual-phase-lag parameters on displacement, temperature, stress, and strain.
INTRODUCTION
Functionally graded materials (FGMs) are types of nonhomogeneous materials in which the composition changes gradually with a corresponding change in the properties. FGMs are usually designed to be used under high-temperature environments. Thermal shock loading conditions may be involved with high thermal stresses when sudden heating or cooling takes place. As a result, thermal fracture problems can occur. Therefore, it is significant to analyse the transient thermal fracture behaviour of FGMs. The generalized theories of thermoelasticity, which admit the finite speed of thermal signal, have been the centre of interest of active researchers during the last three decades. Biot 1 established the coupled thermoelastic theory to overcome the first shortcoming in the classical uncoupled theory of thermoelasticity where it predicts two phenomena not compatible with physical observations. The first of such modelling is the extended thermoelasticity theory (LS) of Lord and Shulman, 2 who established the generalized thermoelasticity with one relaxation time by postulating a new law of heat conduction to replace the classical Fourier law. Green and Lindsay 3 proposed the temperature rate dependent thermoelasticity (GL) theory with two relaxation times. The theory was extended for anisotropic body by Dhaliwal and Sherief. 4 Tzou 5 proposed the dualphase-lag (DPL) model, which describes the interactions between phonons and electrons on microscopic level as retarding sources causing a delayed response on the macroscopic scale. The physical meaning and the applicability of the DPL model have been supported by the experimental results.
6 Recently, in context of the generalized dual-phase-lag thermoelasticity theory, Abouelregal et al 7-9 solved many problems in the context of dual-phase-lag model. The uniqueness and reciprocal theorems are proved without the use of Laplace transforms for the dual-phase-lag thermoelasticity theory by ElKaramany and Ezzat.
10 Functionally graded materials (FGMs) are types of non-homogeneous materials that have excellent thermo-mechanical properties to withstand high temperature and also have extensive applications to important structures, such as chemicals plants, pressure vessels, nuclear reactors, aerospace, etc. Das and Kanoria 11 investigated the generalized thermoelastic interaction in a functionally graded solid with a periodically varying heat source. Many researchers have studied the effects of magnetic field by applying the above theories of generalized thermoelasticity using different methods. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] Zenkour and Abbas 30 used Green-Naghdi's theory to study the effect of magnetic field on a fibre-reinforced anisotropic half-space with a thermal shock. Abbas 31 studied the fractional order generalized magneto-thermoelastic medium subjected to a moving heat source using the eigenvalue approach. Abbas and Zenkour 32 investigated the analyses of finite element in magnetothermoelastic interaction in an infinite FG cylinder. Othman et al 33 used the normal mode method to investigate the initial stress and gravitational effect on the generalized magneto-thermo-microstretch elastic solid for different theories. Lotfy and Othman 34 studied the effect of magnetic field for a mode-I crack on a two-dimensional problem of a fibre-reinforced material in the generalized thermoelasticity.
